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SIMPLIFIED ANALYSIS OF SHIELDING REQUIREMENTS
M. 8. Livingston

January 19, 1968

1. Basic Conditions:

a) Radioactivity bulild-up in hot spots will be limited to
allow practical pversonnel access times., Exposure times will
be controlled to limit individual doses to below the MPD.
Beam current will be restricted as required to limit beam
spill power, until low spill factors are achieved, when bean
current can be Ilncreased.

b) Radiation intensity during operations is proporticnal
to spill power. Beam spills are treated as point scurces,
using spill power at each polnt. Observed intensitles out-
side shield at AGS are used to obtain an "equivalent unit
source" per kw spill power and at a nominal 1 ft. distance
from source.

¢) Attenuation factors due to shieldlng and distance are
calculated for the several sizes of enclosures at NAL, for
earth fill and mill-scale fill, as a function of thickness
of £fill in ft.

d) Radiation intensity in rem/hr 1s calculated as a func-
tion of 111 thickness for the maximum estimated splll powers
in NAL enclosures, using appropriate attenuation factors.

e) Allowable intensities outside shields are based on the

MPD and probable occupancy times at the several spill sites
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near or far from occuplied areas. These are used to determine
shield thickness for the several enclosures.

f) Recommendations are made for shield thickness for
components of ring enclesure. Since these are hased on
maximum spill powers and acceptable outslde intensities,
thicknesses are taken directly from the plot in &) above.

g) Caleulation of resulting intensities for speclal cases:
1) aceidental full-power splll of beam in main ring,

2) nigh~-rise laboratory bullding,
3) equipment gallery above booster ring,

4) conditions for L00 GeV operation.

2, Maximum Power Limitation in Spills:

Tn an earlier study (Control of Radiation, M. 8. Living-
ston, 12/7/67) the induced radioactivity levels expected
1 hr after shut-off are given for wvarious spill nowers,
based on observed Raa Intensitles at the AGS., With a 10 kw
spill (2% of design beam power) the ambient Raa will be
25 ren/hr, with much higher values near hct components.
This is 5 times the maximum allowed for unshielded personnel
access with practical exnosure times, and will requlre use of
shielded vehicles. So 10 kw 1s taken as the maximum allow-
zble spill power in hot areas. At the booster ejection region
a maximum of 5 kw (20% spill) is taken. Tn the qulet sectors
of the main ring, where spllls will occur only by accident or
mistuning, the maximum spill vower is taken as 1 kw (0.2%

spill).
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3. Equivalent Scurce Intensity:

Radiation intensity ocutside the shield at the AGS during
operation at 4 x 101l p/sec, 30 GeV, 90% on target (1.9 kw)
was observed to be 1.0 rem/hr; the unit intensity was 0.52
rem/hr/kw. The shleld consisted of 1 £t concrete
(d = 2.5 g/em3) and 10 ft sand (d = 1.8 g/cm3), or a total
of 638 g/cmz, with a ceiling height 12 ft above the beam.
Trie equivalent unit point source at 1 ft from the target is

I, = PR eX/% = 0,52 x (23)% x 938/130 = 3,90 x 10" rem/hr/kw

(E5y

g 1 ft.

Tne attenuation coefficient, A = 130 g/cmg, is that observed
at CERN for nucleonic showers with good geometry (point
source). Additional shielding around the AGS source due to
magnet iron or locazal shielding is neglected; to be egquivalent
at NAL, such local shielding should equal or exceed that at

the AGS.
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4. Shielding Factors for ™neloswres ot HAIy as function of thicknese $ ()1

.'r ] 3 — tal
Uge:F = — /’\ R = tobn] diguance oulside = econcrete rnof

R >
hield? i Joi”s x = ghields 410 thickitesst i w2 N = 130 o/en
shieldng in g/er™; x = ghielding 112 thicknesstin g/o.-n. ; = 13¢ g}/c..t .
Density of enrts Fill talen os d = 1,8 g/on’® = 112 1b/ft2

Locntions Fnel, rcof: Digt:  Shield: Fig. 1
heleht: thicl: R: Yo 4% Curve:

(£t) (rt)  (£t) ”/cr )

Vndn Rine:

Fog,scctors: 5 1. 6+t 764+ 55t A

St,e~ctionsa: & 1 T+t 764+ 551 B

(.l""""l SCYLy PI‘E)

Eject, str-ight 17 2 19 4t 152 4+ 55 & C
Booster: (envihi & 1 T+t TH 4+ 55t B

(3412 sealed: 6 1 T+t 764128t D

(d = 4,2 g/c:3)

5. Intensity Outside Shields; 2s function of spill oporer and thiclmess]
Use: IT=XI, PF, I,=3.70x% 104 ren/hr/lar € 1 £, Use P = 10, 5, 1 o,

Use ghisldins factors F plotted in Fie, 1. Results are vlotied In Fig, 2,

Tocntion: Pover, It Shield, Fractor: Pig, 2
(]r,ws Curve:
Mnin Ding:
Mg, Sectors: frr: 1.0 Fig., 1, Curve A c
nenr: 1.0 Tz, &, Cuwve 4 c
St,sncbions: 10.0 Fig, 1, Curve B a
(besn seripera)
Fject, str-ieht: 10,0 Fig, 1, Curve C a
Booster: (e-rth} 5.0 Tig, 1, Curve B b
(1111 senle): 5.0 Fig. 1, Curve D e
Cool:{errth): i.0 Fig., 1, Curve B c

{(rdi1 secelel: 2.0 Fig, 2, Curve D f
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6, Recormerintionst The allorzle interaities outside the shieslds

5 o 4

differ, devending on disthice from occurdod arcrs, Three intensliy
Tevels are chosen: 1) 25 rrem/br above shield far fron oemicd aress
; 3
2} 10 pren/hr abhove shield nerr (over 100 %) oceuried arens ~nd
L] ] - B} 1. : ?
just etaide the shiald
. L . - «_
3) 2.5 ﬂ“em/hr'{l.c.“hnqulwment gallery 2hove lhe hooster). These limits

. k|

are irdiecstel on the aprovriste curves of Fig. 2,

K3 3

and debtarmine the thickness required in ench case, These results are

currerined 3 the recormendaitiong Helow:

m

T.ocotion: Cutside Inten: Fig.2 Hield Thiec’ negs:
(rrem/hr) Curve: (%)

Main Ring, for: 25, ¢ 12,
nenr: 3.0, ¢ 20,

St,egects, far: 25, 2 22,

3t,sects,nexr: 10, a 24.
Ejiect.sect,necr: 10, d 20.
Eocster, hot sreie: 2.5 b 25.
cool areng: -2.5 ¢ 2.
Boostar,(nil] senled:

hot: ﬁrehélr 2.5 e 12,

conl areis: 2.5 f 10.5
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7. Anslyeis of Speclal Siturblions:

a) hecifentn) enill) of Dbennm ot o single point in the mnin ring

i

J.l

Agsume the full beam (5 x 10%2 p/oulse) ot 200 GoV enerpy is spilled.
The equivilent sovrce intensity at full pover (4920 Jow) is Iy = 1,77 % 107
rem/hr @ 1 4, Minirum shield thickuaess (Fig. 2) is 18 't of enrth over

5.0 x 1077 (Fig, 1,40,

the mnin ring, for which the shielding factor F
L]

U

Intensity cubside ghield, I= 1, F = &8 ren/hr

" 2,45 % 1072 ren/sec.

L T=1,0x 1072 ren,

1

The dose from a sincle pulse (4 sec cyele) 1s D
This is 0,3 % of the M for 3 months or equival=nt to 4 hrs exmosure

gniflennt hnzard,

|-te
J\‘

at 1 M for radistion vorlers, It is not a ¢
b) Intengity ot higl~rise office and laboralory buildine:  This bullding

is locabed 250 ft from the main ring or 300 7t sl=nt distance, onvosite 2

"pear" resion where maxinim intersity ovbside the shield will He'10 mrem/he,

24,2
Attenuntion due to distance from source is Ip = (?CO 1 = 6,4 Pakonc: mres/hr,

This

1.

8 25% of the MID for nmaradistion vorkers of thz gensral publie,
Additicnal local shielding arcund hot srots is neglected, Skyshine is also
neglected but will nol change I, enongh to be o hazard,

¢) Eguimrent gallery ahove the booster: laximus allownble gpill at the
hooster will produce intensities in the sollery of 2.% mrem/hr, or 1 NID
for radistion vorkers., Ocenpancy tires can be limdted %o a fraction of

L0 hr/ul so accurml ted does will be a fractlion of 1 11D,

d)  400-GeV omerntion: The desimm averaze beonm cuvrent at ACO GeV is the
sore 28 at 200 GeV, so bermn vavwer is doubled, By the fime this is achieved

bean grill frections shon®d be reduced =t Jezst to helf by develorrernt,

So the sire beanm snill novere will eop’y and chiclding will be adequnte,
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